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(57) ABSTRACT

A turbomachine having an axial stop member arranged to
restrain axial movement of a bearing assembly of the
turbomachine, the axial stop member having a bore defined
by a radially mner surface of the axial stop member which
forms a close radial fit with a shaft of the turbomachine, or
a member mounted on the shatt to rotate with the shaft, an
anti-rotation formation engageable with a complimentary
formation provided on an outer race of the bearing assembly
so as to rotationally fix the outer race relative to the axial
stop member and wherein the axial stop member turther
comprises a lubricating fluid directing member and a lubri-
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cating fluid outlet, the lubricating fluid directing member
being arranged to receive lubricating fluid that 1s flung
radially outward from said axis, due to the rotation of the
shaft, and to direct the lubricating flmid to the lubricating
fluid outlet.
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TURBOMACHINE WITH AXIAL STOP
MEMBER

RELATED APPLICATIONS

The present application 1s a National Stage of PCT
Application S/N PCT/GB2014/051313, filed Apr. 28, 2014
which claims priority to United Kingdom Application S/N

13076°74.0, filed Apr. 29, 2013, the disclosures of which
being both expressly incorporated herein by reference.

FIELD OF THE

DISCLOSURE

The present disclosure relates to a turbomachine and has
particular, but not exclusive, application to a turbomachine
in the form of a turbocharger or a power turbine.

BACKGROUND

Turbochargers are well known devices for supplying air to
the intake of an internal combustion engine at pressures
above atmospheric (boost pressures). A conventional turbo-
charger essentially comprises an exhaust gas driven turbine
wheel mounted on a rotatable shaft within a turbine housing.
Rotation of the turbine wheel rotates a compressor wheel
mounted on the other end of the shaft within a compressor
housing. The compressor wheel delivers compressed air to
the intake manifold of the engine, thereby increasing engine
power.

The turbocharger shait 1s supported by a central bearing
housing disposed between the turbine and compressor
wheels. The turbocharger shaft rotates within a bearing
cartridge housed in an axial bore of the bearing housing.

The turbocharger shait 1s conventionally supported for
rotation 1 a bearing housing by a bearing assembly com-
prising mner and outer races radially separated by bearing,
clements, the bearing housing having a bore through which
the shaft extends.

Lubricating fluid, 1 the form of o1l, 1s fed to the bearing
assembly under pressure from the o1l system of the engine
via an o1l ilet, gallery and passages. Typically, an outer
surface of the outer race has shallow annular recesses for
receipt of the lubricating oi1l, which provide annular clear-
ances between the inner surface of the bearing housing and
the outer surface of the outer race. The recesses provide a
thin film of o1l between the outer race and the bearing
housing. The film acts as a squeeze film damper and damps
rotary motion and vibration caused by rotation of the shaft.
From the recesses, the o1l tlows into the bearing assembly
through inlet passages 1n the outer race. The o1l then flows
through the bearing assembly, to provide lubrication within
the assembly, before passing out of the bearing assembly
through an outlet 1n the outer race to an o1l sump. It 1s
important that the outlet 1s oriented correctly to ensure that
the lubricating fluid within the bearing assembly 1s able to
drain under the action of gravity to a lubricating fluid sump.

The inner race of the bearing assembly 1s fixed to the
turbocharger shait and rotates with the turbocharger shaft. It
1s necessary for the outer race to be fitted freely within the
bearing housing, to allow for assembly, thermal expansion
and the squeeze film damping. However, the outer race
needs to be constrained to prevent both axial and rotational
movement of the outer race. This 1s necessary to ensure that
the outlet 1n the outer race 1s oriented correctly to ensure that
the lubricating fluid within the bearing assembly 1s able to
drain under the action of gravity to a lubricating tluid sump.
This 1s also necessary to ensure that the inlet passages 1n the
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outer race are correctly oriented relative to the bearing
housing, so as to allow o1l to pass through the 1nlet passages

into the bearing assembly. Correctly onienting the outer race
of the bearing assembly, during assembly of the turbo-
charger, can be problematic. In addition, 1t can be dithicult to
maintain the outer race of the bearing assembly in the correct
orientation, during operation of the turbocharger.

Typical current designs use a pin that passes from the
bearing housing into the outer race, so as to rotationally fix
the outer race relative to the bearing housing. However, such
an arrangement can be diflicult to assemble, requires mul-
tiple component parts and accordingly 1s relatively expen-
S1Ve.

Furthermore, providing an effective sealing system to
prevent o1l leakage from the central bearing housing into the
compressor or turbine housing can be problematic. Oil
leakage 1s regarded as a particular problem at the compres-
sor end of the turbocharger since at low boost pressures (e.g.
when the engine 1s 1dling or when the turbocharger is
operated 1n engine braking mode) there can be a significant
pressure drop from the bearing housing to the compressor
housing which encourages o1l leakage into the compressor
housing. In order to counter such leakage 1t 1s known to
include an o1l slinger as part of a thrust bearing assembly at
the compressor end of the bearing housing. An o1l slinger 1s
an annular component which rotates with the turbocharger
shaft and has surfaces or passages arranged for propelling o1l
away from the shait as it rotates, and 1n particular from the
passage through the bearing housing into the compressor
housing. Generally an annular splash chamber defined 1n the
bearing housing collects the oil displaced by the slinger,
provides for 1ts recirculation and typically allows 1t to drain
to a sump.

Whereas the turbine of a turbocharger drives a compres-
sor, 1n a power turbine the end of the turbine shait remote
from the turbine wheel transmits power via a mechanical
coupling. In a turbocompound engine two turbines are
provided 1n series with a power turbine connected 1n series
with the turbine of a turbocharger. The power turbine 1s used
to generate additional power and a gear wheel may be fixed
to the end of the power turbine shaft 1n order to transmait that
power to the crankshaft of the engine via an appropnate
coupling (such as for example a fluid coupling or a gear or
other drive mechanism), hydraulically, mechanically or
clectrically. As with a turbocharger, the shait of a power
turbine 1s supported on bearing assemblies, including appro-
priate lubricating systems, located within a bearing housing
connected to the turbine housing. The bearing arrangement
at the turbine end of the shait may be substantially the same
as that found i1n a turbocharger, although the bearing
arrangement at the drive end of the shaft may be a ball
bearing assembly.

SUMMARY

One of the objects of the present disclosure, amongst
others, 1s to obviate or mitigate the problems associated with
locating an outer race of a bearing assembly 1n a correct
orientation during assembly, with restraining the outer race
in a correct orientation during operation and with problems
of o1l leakage in a turbomachine.

According to a first aspect of the present disclosure there
1s provided a turbomachine comprising: a shaft rotatable
about a rotational axis; a turbine wheel provided at one end
of the shait for rotation about the rotational axis within a
turbine housing; the shait being supported for rotation 1n a
bearing housing by a bearing assembly comprising inner and
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outer races radially separated by bearing elements, the
bearing housing having a bore through which the shaft
extends, the bearing assembly being disposed 1n the bore,
wherein the turbomachine further comprises an axial stop
member arranged to restrain axial movement of the bearing
assembly, a bore 1s provided in said axial stop member,
through which the shaft passes, the bore 1s defined by a
radially inner surface of the axial stop member which forms
a close radial fit with the shaft, or a member mounted on the
shaft to rotate with the shaft, an anti-rotation formation
engageable with a complementary formation provided on
the outer race of the bearing assembly so as to rotationally
fix the outer race relative to the axial stop member and
wherein the axial stop member further comprises a lubri-
cating tluid directing member and a lubricating fluid outlet,
the lubricating fluid directing member being arranged to
receive lubricating fluid that 1s flung radially outward from
said axis, due to the rotation of the shatt, and to direct the
lubricating fluid to the lubricating fluid outlet.

This 1s advantageous in that the axial stop member 1s
multi-functional. It acts to restrain both axial and rotational
movement of the bearing assembly, 1t acts as a baflle to
reduce the amount of lubricating fluid that, for example,
needs to be handled by a lubricating fluid slinger and ensures
that lubricating fluid 1s directed to a desired location.
Accordingly, the axial stop member replaces multiple com-
ponents that would otherwise be needed to provide these
functions. This results 1n a saving in cost, complexity,
weight and space.

The anti-rotation formation 1s preferably integrally
tformed with the axial stop member. This 1s advantageous 1n
that the disclosure provides a one piece component, with
multiple functions, thereby providing a simplified assembly
process and therefore lower assembly costs.

Preferably the anti-rotation formation 1s a lug and the
complementary formation 1s a slot, or vice versa.

Preferably the bearing housing 1s provided with a forma-
tion that 1s engageable with the anti-rotation formation of the
axial stop member so as to rotationally fix the axial stop
member relative to the bearing housing. This 1s advanta-
geous 1n that it fixes the axial stop member 1n a desired
orientation relative to the bearing housing. In this case, the
anti-rotation formation of the axial stop member 1s engage-
able with both the complementary formation of the outer
race ol the bearing assembly and the bearing housing
formation.

This 1s advantageous 1n that when the anti-rotation for-
mation ol the axial stop member 1s engaged with the
complementary formation of the outer race of the bearing
assembly and the bearing housing formation, the outer race
of the bearing assembly 1s oriented 1n a desired orientation
relative to the bearing housing. Accordingly, during assem-
bly, the engagement of said formations acts to automatically
align the outer race of the bearing assembly 1n a desired
rotational orientation, relative to the bearing housing.

Preferably the bearing housing formation 1s a slot and the
anti-rotation formation 1s a lug, or vice versa.

Preferably the turbomachine comprises a lubricating
sump, the outer race of the bearing assembly 1s provided
with a lubricating fluid outlet and the anti-rotation formation
of the axial stop member, the complementary formation of
the outer race of the bearing assembly and the bearing
housing formation are arranged such that when they are
engaged, the lubricating tluid outlet 1s fluidly connected to
the lubricating fluid sump.

This 1s advantageous 1n that when said formations are
engaged, the outer race of the bearing assembly 1s automati-
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cally oriented such that the lubricating fluid outlet in the
outer race 1s fluidly connected to a lubricating flud sump.
Furthermore, this desired orientation of the outer race bear-
ing assembly 1s maintained during operation of the turbo-
charger due to the engagement of said formations.

Preferably the lubricating fluid outlet and the lubricating
fluid sump are arranged such that, in this orientation, the
lubricating fluid may drain from the bearing assembly,
through the lubricating fluid outlet and to the lubricating
fluid sump under the action of gravity.

The mner surface of the axial stop member that defines
said bore preferably forms a non-contact seal with the shatt,
or a member mounted on the shait to rotate with the shaft.
An example of such a member mounted on the shaft to rotate
with the shaft 1s a lubricating fluid slinger. This 1s advanta-
geous 1n that the non-contact seal prevents lubricating fluid
passing from the bearing assembly through the axial stop
member.

Preferably the mnner surface of the axial stop member that
defines said bore extends substantially around the circum-
ference of the shaft, or a member mounted on the shatt.

The lubricating fluid directing member 1s preferably inte-
grally formed with the axial stop member. This 1s advanta-
geous 1n that the disclosure provides a one piece component,
with multiple functions, thereby providing a simplified
assembly process and therefore lower assembly costs.

Preferably the lubricating fluid directing member 1s
arranged such that lubricating fluid that i1s received by the
lubricating fluid directing member 1s directed by the lubri-
cating fluid directing member, under the action of gravity, to
the lubricating fluid outlet of the axial stop member. Pret-
crably the anti-rotation formation of the axial stop member,
the complimentary formation of the of the outer race of the
bearing assembly and the bearing housing formation are
arranged such that when they are engaged, the lubricating
fluid directing member 1s oriented such that lubricating fluid
that 1s recerved by the lubricating fluid directing member 1s
directed by the lubricating fluid directing member, under the
action of gravity, to the outlet.

Preferably the lubricating fluid directing member extends
from an upper end, 1n a circumierential direction about the
shaft axis to the lubricating fluid outlet. Preferably the
lubricating fluid directing member 1s concavely curved
about said shatt axis. Preferably the lubricating fluid direct-
ing member substantially encloses a circumierential section
of the shatt, or of a member mounted on the shatt to rotate
with the shaft.

Preferably the lubricating fluid directing member 1s radi-
ally outwardly spaced from the radially imner wall of the
axial stop member that defines said bore. Preferably the
lubricating fluid directing member i1s radially outwardly
spaced from the shaft, or a member mounted on the shaft, so
as to define a radial clearance between the lubricating fluid
directing member and the shaft, or a member mounted on the
shaft to rotate with the shaft. This 1s advantageous 1n that
allows the lubricating fluid directing member to handle a
relatively large volume of lubricating fluid.

The lubricating fluid directing member may be formed by
one or more surfaces, guide vanes, channels, conduits or the
like.

Preferably the lubricating fluid directing member forms a
chamber around the shaft, or a member mounted on the
shaft, for recerving lubricating fluid that 1s flung radially
outward from said axis, due to the rotation of the shatt, or
member.

Preferably at least one wall of the chamber 1s radially
outwardly spaced from the radially inner wall of the axial




US 10,267,181 B2

S

stop member that defines said bore. This 1s advantageous 1n
that 1t provides the chamber with a relatively large volume,
thereby allowing the chamber to handle a relatively large
volume of lubricating fluid. By way of contrast, if the at least
one surface formed a close radial fit with the shatit then the
lubricating tluid would be squeezed between the shaft and
the at least one surface as 1t passed along the at least one
surface. This would slow the travel of the lubricating tluid
along the at least one surface, which could cause the
lubricating fluid to back up within the chamber, which could
result 1n leakage of the lubricating fluid from the axial stop
member.

Preferably the at least one wall of the chamber 1s radially
outwardly spaced from the shaft, or a member mounted on
the shaft to rotate with the shaft, so as to define a radial
clearance between the at least one wall and the shaft, or said
member.

Preferably the at least one wall of the chamber 1s con-
cavely curved, with a centre of curvature that 1s substantially
concentric with said axis, and has a radius that 1s greater than
that of the mner wall of the axial stop member that defines
said bore.

Preferably the at least one wall of the chamber 1s a
plurality of said walls, 1.e. a plurality of walls radially spaced
and shaped as stated above.

Preferably the axial stop member comprises a plate.
Preferably the plate has a section which protrudes from a
surface of the plate and said chamber 1s formed by said
protruding section.

Preferably the turbomachine comprises a lubricating fluid
sump and the lubricating fluid outlet of the axial stop
member 1s fluidly connected to the lubricating fluid sump.

Preferably a lubricating fluid slinger 1s mounted on the
shaft, so as to rotate with the shaft, and comprises a slinging
formation arranged to propel lubricating fluid away from the
shaft as the shait rotates.

Preferably an area of the turbomachine that surrounds the
lubricating fluid slinger 1s recessed to define a chamber for
capturing lubricating fluid that 1s propelled from the shatft, as
the shait rotates. Preferably the chamber 1s fluidly connected
to a lubricating fluid sump.

Preferably the lubricating fluid slinger 1s provided with a
sealing arrangement to provide a seal between the lubricat-
ing fluid slinger and a radially adjacent surface of the turbo
machine, within which the lubricating fluid slinger rotates.
The sealing arrangement preferably comprises a sealing ring
supported on one of a surface of the lubricating fluid slinger
or the radially adjacent surface of the turbo machine and an
annular groove which receives said sealing ring, provided on
the other of the lubricating fluid slinger and said radially
adjacent surface.

Preferably the lubricating fluid slinger 1s mounted on the
shaft such that at least a first section of the lubricating tluid
slinger 1s received within the bore of the axial stop member
and the radially mner surface of the axial stop member that
defines the bore forms a close radial fit with the lubricant
fluid slinger. Preferably the close radial fit forms a non-
contact seal.

The turbomachine may be a turbocharger comprising a
compressor having an impeller wheel mounted on the shaft
such that rotation of the turbine wheel causes rotation of the
impeller wheel, wherein a compressor back plate 1s provided
between the bearing housing and the impeller wheel, the
compressor back plate having an inner surface which defines
a bore, through which the shaft passes, a second section of
the lubricating fluid slinger 1s recerved within the bore and
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the mner surface that defines said bore forms a close radial
fit with the second section of the lubricating flmid slinger.

This 1s advantageous 1n that the close radial fit prevents
lubricating fluid passing through the compressor back plate
and 1nto the compressor housing. The close radial fit pret-
erably forms a non-contact seal.

—

T'he above arrangement provides an effective three stage
sealing arrangement. At a first stage, the lubricating tluid
passing from the bearing assembly 1s flung radially outward,
by the rotating turbocharger shatt, and 1s received by the o1l
directing member, which directs the lubricating fluid to a
sump, via the lubricating fluid outlet. In addition, the close
radial fit of the bore 1n the axial stop member with the shaft,
or a member mounted on the shait, substantially prevents
lubricating fluid from passing through the axial stop mem-
ber. Accordingly, the majority of the lubricating fluid from
the bearing assembly 1s prevented from passing through the
axial stop member and i1s directed to the lubricating fluid
sump. This ensures that lubricating fluid that passes through
the axial stop member to the second stage 1s kept to a
minimum. At the second stage, the lubricating fluid slinger
acts to fling lubricating fluid radially outward from the shatft,
to said lubricating fluid chamber, where 1t passes to the
lubricating fluid sump. At the third stage, the sealing
arrangement of the lubricating fluid slinger prevents any
remaining lubricating tluid, that passed through the first and
second sealing stages, from passing into the compressor
housing.

Preferably the turbomachine comprises an abutment
member and the bearing assembly 1s provided between the
axial stop member and the abutment member such that the
axial stop member restrains axial movement of the bearing
assembly 1n a first axial direction and the abutment member
restrains axial movement of the bearing assembly 1mn a
second axial direction which 1s substantially opposite to the
first axial direction. Preferably the abutment member 1is
formed by the bearing housing.

The axial stop member preferably abuts the bearing
assembly, or an mtermediate member provided between the
axial stop member and the bearing assembly.

The axial stop member preferably comprises a first sur-
face which mates with a complementary shaped surface of
the bearing assembly, or of an intermediate member pro-
vided between the axial stop member and the bearing
assembly. This 1s advantageous 1n that 1t substantially mini-
mises any freedom of movement of the bearing assembly in
the axial direction. Said first surface and said complemen-
tary surface are preferably substantially planar.

The bearing elements may be in the form of rollers, ball
bearings, etc. Preferably the bearing elements are rolling
clement bearings. The bearing assembly may comprise a
cartridge. The cartridge may form the outer race. The
bearing assembly may be an angular contact ball bearing
assembly.

According to a second aspect of the disclosure there i1s
provided an internal combustion engine comprising a turb-
omachine according to the first aspect of the disclosure.

The turbomachine 1s preferably a turbocharger.

All of the features described herein may be combined
with any of the above aspects, in any combination.

BRIEF DESCRIPTION OF THE DRAWINGS

A specific embodiment of the present disclosure will now
be described, by way of example only, with reference to the
accompanying drawings 1n which:
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FIG. 1 1s a sectioned view along the longitudinal axis of
a turbocharger embodying the present disclosure;

FIG. 2 1s an enlarged view of section A of FIG. 1;

FIG. 3 1s a rear perspective view ol an axial stop member
of the turbocharger of FIGS. 1 and 2;

FIG. 4 1s a front perspective view of the axial stop
member of FIG. 3;

FIG. § 1s a sectioned view along the longitudinal axis of
the axial stop member of FIGS. 3 and 4;

FIG. 6 1s a front elevational view of the axial stop plate
of FIGS. 3 to 5, and

FIG. 7 1s an exploded rear perspective view of the axial

stop member and a bearing assembly of the turbocharger
shown 1n FIGS. 1 and 2.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE DISCLOSURE

Referring now to the drawings, the illustrated turbo-
charger comprises a turbine 1 connected to a compressor 2
via a central bearing housing 3. The turbine 1 comprises a
turbine wheel 4 that rotates within a turbine housing (not
shown). Similarly, the compressor 2 comprises a compressor
impeller 6 that rotates within a compressor housing (not
shown). The turbine wheel 4 and compressor impeller 6 are
mounted on opposite ends of a common turbocharger shaft
8 that extends through an axial bore 8a defined by an 1nner
surface of the central bearing housing 3. The turbocharger
shaft 8 1s substantially cylindrical.

In use, the turbine wheel 4 1s rotated by exhaust gas from
an outlet manifold of an internal combustion engine. The
exhaust gas flows from an inlet (not shown), provided 1n the
turbine housing, to an exhaust gas outlet (not shown), also
provided in the turbine housing. Rotation of the turbine
wheel 4 1n turn rotates the compressor impeller 6, which
draws intake air through a compressor inlet (not shown),
provided 1n the compressor housing, and delivers boost air
to the inlet manifold of the internal combustion engine via
an outlet volute (not shown), also provided in the compres-
sor housing.

The shaft 8 1s supported for rotation in the central bearing,
housing 3 by a bearing assembly 13 disposed 1n the bore 8a.

The bearing assembly 13 comprises a cartridge having
inner and outer rings that are radially separated by bearing
clements 42. The mnner and outer rings are axially elongated
and have inwardly facing surfaces that define inner and outer
races 40, 41 for the bearing elements 42. The inner and outer
races 40, 41 have first and second ends 99, 100. In this
instance, the bearing elements 42 are in the form of spheres.
However, 1t will be appreciated that other bearing element
designs may be used such as, for example, rollers which may
be cylindrical, barrel-shaped or tapered.

Lubricating fluid, in the form of, o1l i1s fed to the bearing
assembly 13 under pressure from the oil system of the
engine via an o1l inlet, gallery and passages (not shown). An
outer surface of the outer race 41 has a plurality of shallow
annular recesses 16 for receipt of the lubricating oil, which
provide annular clearances between the inner surface of the
bearing housing 3 and the outer surface of the outer race 41
of around 0.03mm or less. The recesses 16 provide a thin
f1lm of o1l between the outer race 41 of the bearing assembly
13 and the bearing housing 3. The film acts as a squeeze film
damper and damps rotary motion and vibration caused by
rotation of the shaft 8. From the recesses 16, the o1l flows
into the bearing assembly 13 through an 1nlet 17, formed by
one or more passages, in the outer race 41. The outer race 41
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1s also provided with an o1l outlet 110, which 1s fluidly
connected to an o1l sump 104.

A compressor back plate 29 1s mounted between the
compressor impeller wheel 6 and the bearing housing 3. The
compressor back plate 29 1s axially and rotationally fixed
relative to the bearing housing 3 and separates the compres-
sor impeller wheel 6 from the bearing housing 3.

A bore 28 extends axially between first and second end
faces of the compressor back plate 29. The bore 28 1s of
substantially circular cross sectional shape, centred on the
shaft axis. The bore 28 i1s defined by a radially 1nner surface
of the compressor back plate 29. The turbocharger shait 8
passes through the bore 28.

Oil leakage, particularly at the compressor end of the
turbocharger, 1s a problem as at low boost pressures (e.g.
when the engine 1s i1dling or when the turbocharger is
operated 1n engine braking mode) there can be a significant
pressure drop from the bearing housing 3 to the compressor
housing which encourages o1l leakage through the compres-
sor back plate, into the compressor impeller wheel 6.

A first o1l slinger 50 1s mounted on the shait 8 between the
compressor wheel 2 and the bearing assembly 13. In use, the
first o1l slinger 50 rotates with the shait 8 and acts to propel
o1l radially outwards from the shaft 8, as 1t rotates. The first
o1l slinger 50 1s generally annular and extends 1n an axial
direction between first and second ends 51, 52. The first o1l
slinger 50 1s provided with an o1l slinging formation in the
form of an annular projection 53, which projects from an
outer surface of the o1l slinger 50, and acts to propel o1l away
from the shaft 8 as 1t rotates. The annular projection 53
extends radially outward from an outer surface of the first o1l
slinger 50 and 1s disposed approximately half way along the
length of the first o1l slinger 50.

The first end 51 of the first o1l slinger 30 1s disposed
adjacent to a rear surface of the compressor impeller wheel
6 and the second end 32 of the first o1l slinger 50 1s disposed
adjacent to the first end 99 of the mner and outer races 41,
42 of the bearing assembly 13.

A section of the first o1l slinger 50 between the o1l slinging
formation 53 and the first end 51 of the o1l slinger 50 1s
received within the bore 28 in the compressor back plate 29.
The area of the compressor back plate 29 that surrounds the
first o1l slinger 50 1s recessed to define an annular chamber
61. O1l that 1s flung radially outward from the o1l slinger 50
hits the surfaces of the compressor back plate 29 that define
the chamber 61 and runs down said surfaces to a drain 62
that 1s fluidly connected to the o1l sump 104. This prevents
the o1l from entering the compressor housing.

The first o1l slinger 50 1s provided with a sealing arrange-
ment to provide a seal between the first o1l slinger 50 and the
radially adjacent inner surface of the compressor back plate
29 that defines the bore 28, 1n which first o1l slinger 50
rotates. The first o1l slinger 50 1s provided with a substan-
tially annular groove 70, which receives a sealing ring (not
shown). The sealing ring 1s housed within the groove 70 and
forms a seal with the radially adjacent inner surface of the
compressor back plate 29 that defines the bore 28. Alterna-
tively, 1n a reciprocal arrangement, the annular groove 70
may be provided in the compressor back plate 29.

The sealing arrangement 1s provided on the opposite side
of the o1l slinging formation to the bearing assembly 13, 1.¢.
between the o1l slinging formation 53 and the first end 51 of
the o1l slinger 50.

An annular axial stop plate 34 1s provided between the
compressor back plate 29 and the bearing housing 3. The
axial stop plate 34 1s axially fixed relative to the bearing
housing 3 by being clamped between opposed surfaces of
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the compressor back plate 29 and the bearing housing 3. A
first end face 36 of the axial stop plate 34 abuts the outer race
41 of the bearing assembly 13 and a second end face 37 of
the axial stop plate 34 abuts the compressor back plate 29.
The axial stop plate 34 has a radial dimension that extends
beyond that of the bearing assembly 13 and bears against a
surface of the compressor back plate 29 at its outer periph-
ery. In use, the axial stop plate 34 1s designed to resist axial

thrust forces exerted on the bearing assembly 13 by the shaft
8.

The outer race 41 of the bearing assembly 13 1s recerved
in the bore 8a of the bearing housing 3 between the first end
tace 36 of the axial stop plate 34 and an annular shoulder 24
formed by a radially mnward projecting step on an inner
surface of bearing housing 3. The housing of the outer race
41 between the axial stop plate 34 and the annular shoulder
24 axially fixes the outer race 41 relative to the bearing
housing 3. Specifically, the axial stop plate 34 restrains axial
movement of the outer race 41 of the bearing assembly 13
in a first axial direction and the annular shoulder 24 restrains
axial movement of the outer race 41 in a second axial
direction which 1s substantially opposite to the first axial
direction.

In the current embodiment, the first end face 36 of the
axial stop plate 34 and the annular shoulder 24 of the bearing
housing 3 respectively abut the outer race 41 of the bearing
assembly 13. However, 1t will be appreciated, that one or
more intermediate members may be provided between the
first end face 36 of the axial stop plate 34 and the outer race
41 and/or between the annular shoulder 24 and the outer race
41.

The first end face 36 of the axial stop plate 34 1s
substantially planar and mates with the first end 99 of the
outer race 41 of the bearing assembly 13, which 1s also
substantially planar. This 1s advantageous 1n that it substan-
tially minimises any freedom of movement of the outer race
41 of the bearing assembly 13 1n the axial direction.

A bore 35 extends axially between the first and second end
taces 36, 37 of the plate 34. The bore 35 1s of substantially
circular cross sectional shape, centred on the shait axis. The
bore 35 1s defined by a radially inner surface 38 of the axaal
stop plate 34.

The turbocharger shait 8 passes through the bore 35. The
bore 35 1s sized and dimensioned for receipt of the first o1l
slinger 50. Specifically, a section of the first o1l slinger 50
between the o1l slinging formation 53 and the second end 52
of the o1l slinger 50 1s recerved within the bore 35.

The second end face 37 of the plate 34 1s provided with
a protruding section 90, which protrudes away from the
second end face 37 in the axial direction. The bore 35 1s
provided 1n said protruding section 90 and 1s defined by an
inner surface 38 of the protruding section 90. The inner
surface 38 provides an annular sealing surface that forms a
close radial fit with the outer surface of the first o1l slinger
50, so as to provide a non-contact seal. Accordingly, the
axial stop plate 34 acts to prevent oil from passing from the
bearing assembly 13, through the axial stop plate 34.

The protruding section 90 comprises an annular recess 71,
which effectively enlarges the bore 35 in the radial direction.
The recess 71 does not extend across the full axial extent of
the plate 34 thus leaving a narrow annular land 70 on the
inner periphery of the protruding section 90.

The recess 71 defines a chamber 31 that extends in the
circumierential direction around a circumierential section of
the first o1l slinger 50. The chamber 31 1s for receiving oil
that 1s flung radially outward from the turbocharger shait 8,
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or from the first o1l slinger 50, as 1t rotates. The chamber 31
1s fluidly connected to the o1l sump 104.

The chamber 31 1s bounded by first and second side walls
42, 43. The first and second side walls 42, 43 are concavely
curved and extend 1n a circumierential direction around the
o1l slinger 50 from respective upper ends to respective lower
ends. The first and second side walls 42, 43 have a centre of
curvature that i1s substantially concentric with the turbo-
charger axis.

Upper and lower ends of the first and second side walls
42, 43 are spaced apart 1n the circumierential direction. The
upper ends of the first and second side walls 42, 43 are
jomed by a substantially straight upper wall 44, which 1s
substantially horizontal.

The lower ends of the side walls 42, 43 are fluidly
connected by a channel 47 to an outlet 105 provided 1n a
lower peripheral edge of the axial stop plate 34. The channel
47 1s formed by opposed and substantially parallel channel
walls 45, 46. The channel walls 45, 46 are extensions of the
first and second side walls 42, 43 respectively and extend
substantially vertically downwards from the lower ends of
the first and second side walls 42, 43 respectively, to the
outlet 105. The outlet 105 1s fluidly connected to the o1l
sump 104.

The side walls 42, 43 and the upper wall 44 extend from
a first of the channel walls 45 to a second of the channel
walls 46, 1n the circumierential direction, so as to substan-
tially enclose a circumierential section of the first o1l slinger
50.

The side walls 42, 43, upper wall 44 and channel walls 45,
46 cach form o1l directing members. They are arranged such
o1l that 1s flung radially outward from the turbocharger shaft
8, or from the first o1l slinger 50, as 1t rotates impinges
against the respective o1l directing member and 1s directed
downwardly along the side walls 42, 43, or ofl the upper
wall 44, through the channel 47, under the action of gravity,
to the outlet 105.

The first and second side walls 42, 43 and the upper wall
44 of the chamber 31 are radially outwardly spaced from the
inner wall 38 of the axial stop member 34 that defines said
bore 35 so as to define a radial clearance between the
respective surface and the first o1l slinger 50. This 1s
advantageous in that 1t provides the chamber 31 with a
relatively large volume, thereby allowing the chamber 31 to
handle a relatively large volume of o1l. By way of contrast,
it the surfaces 42, 43, 44 formed a close radial fit with the
first o1l slinger 50 then the o1l would be squeezed between
the shait 8 and the respective surfaces. This would slow the
travel of the o1l along the surfaces, which could cause the o1l
to back up within the chamber 31, which could result in
leakage of the o1l from the axial stop plate 34.

The o1l directing members are integrally formed with the
axial stop plate 34. This 1s advantageous 1n that the axial stop
plate 34 provides a one piece component that acts to restrain
both axial movement of the bearing assembly 13 as well as
acting as a baflle to ensure that lubricating o1l 1s directed to
a desired location.

The axial stop plate 34 1s also rotationally fixed relative to
the bearing housing 3. The axial stop plate 34 further
comprises an anti-rotation formation in the form of a lug 80
that projects 1n the axial direction from the first end face 36
of the axial stop plate 34. The lug 80 has a generally
rectangular cross sectional shape.

The bearing housing 3 1s provided with a formation in the
form of a generally rectangular slot 106 (which 1s shown 1n
cross section 1in FIG. 2) that 1s engageable with the lug 80 of
the axial stop plate 34 so as to so as to rotationally fix the
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axial stop plate 34 relative to the bearing housing 3. This 1s
advantageous 1n that 1t fixes the axial stop plate 34 1n a
desired orientation relative to the bearing housing 3.

In a reciprocal arrangement, the axial stop plate 34 may
be provided with a slot and the bearing housing 3 provided
with a lug. In addition, although 1n the current embodiment
the cooperating formations are a lug and slots, 1t will be
appreciated that any suitable cooperating formations may be
used.

The outlet 1035 1n the axial stop plate 34, the lug 80 of the
axial stop plate 34 and the slot 106 in the bearing housing 3
are arranged such that when the lug 80 1s engaged with said
slot 106, the outlet 105 1n the axial stop plate 34 1s oriented
such that 1ts o1l outlet 105 1s fluidly connected to the o1l
sump 104. In addition, the channel 47 1s oniented down-
wardly, such that oil received within the chamber 31 1s
directed downwardly, under the action of gravity, to the
outlet 105.

This 1s advantageous in that, during assembly, the engage-
ment of the lug 80 and slot 106 acts to automatically align
the axial stop plate 34 1n a desired rotational orientation
relative to the bearing housing 3, so as to allow the gravity
drain of o1l to the o1l sump 104. This therefore makes the
assembly process easier, quicker and less prone to errors.

Furthermore, this desired orientation of the axial stop
plate 34 1s maintained during operation of the turbocharger
due to the engagement of the lug 80 and slot 106.

The outer race 41 of the bearing assembly 13 1s provided
with a complementary formation in the form of a slot 81 (see
FIG. 7). The lug 80 1s engageable with the slot 81 so as to
rotationally fix the outer race relative to the axial stop plate
34.

The lug 80 of the axial stop plate 34 i1s engageable with
both the slot 81 of the outer race 41 of the bearing assembly
13 and the slot 106 in the bearing housing 3. Accordingly,
when the lug 80 1s engaged with both the slot 81 of the outer
race 41 of the bearing assembly 13, the outer race 41 of the
bearing assembly 13 1s fixed 1n a certain, desired, orientation
relative to the bearing housing 3.

Specifically, the outlet 110 1n the outer race 41, the lug 80
of the axial stop plate 34 and the slots 81, 106 1n the outer
race 41 and bearing housing 3 are arranged such that when
the lug 80 1s engaged with said slots 81, 106, the outlet 110
in the outer race 1s oriented such that 1t 1s fluidly connected
to the o1l sump 104 such that o1l can drain from the bearing
assembly 13 under the action of gravity to the sump 104.

This 1s advantageous in that, during assembly, the engage-
ment of the lug 80 and slots 81, 106 acts to automatically
align the outer race 41 of the bearing assembly 13 1n a
desired rotational orientation relative to the bearing housing
3, so as to allow the gravity drain of o1l to the o1l sump 104.
This therefore makes the assembly process easier, quicker
and less prone to errors.

Furthermore, this desired orientation of the outer race 41
of the bearing assembly 1s maintained during operation of
the turbocharger due to the engagement of the lug 80 and
slots 81, 106.

In a reciprocal arrangement, the axial stop plate 34 may
be provided with a slot 81 and the outer race 41 of the
bearing assembly 13 provided with the lug 80.

The lug 80 1s integrally formed with the axial stop plate
34. This 1s advantageous in that the axial stop plate 34
provides a one piece component that acts to restrain both
axial and rotational movement of the bearing assembly 13.

The above arrangement provides an eflective three stage
sealing arrangement. At a first stage, the lubricating o1l
passing from the bearing assembly 13 1s flung radially
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outward, by the rotating turbocharger shaft 8, and 1s received
within the chamber 31 of the axial stop plate 34. The o1l
directing members that form the walls of the chamber 31
direct the lubricating o1l to the sump 104, via the outlet 105
in the axial stop plate 34. In addition, the close radial fit of
the 1nner wall 38 that defines the bore 35 in the axial stop
plate 34, with the first o1l slinger 50 substantially prevents
o1l from passing through the axial stop plate 34. Accord-
ingly, the majority of the lubricating oil from the bearing
assembly 13 1s prevented from passing through the axial
stop plate 34 and 1s directed to the lubricating fluid sump
104. This ensures that lubricating o1l that passes through the
axial stop plate 34 to the second stage 1s kept to a minimum.

At a second stage, the first o1l slinger 50 acts to tling
lubricating o1l radially outward from the shaft 8, to said
annular chamber 61, where 1t passes to the lubricating tfluid
sump 104.

At a third stage, the sealing arrangement of the first o1l
slinger 50 substantially prevents any remaining lubricating
o1l, that passed through the first and second sealing stages,
from passing into through the compressor back plate 29 and
into the compressor impeller wheel 6.

At the turbine end of the shaft 8, the turbine wheel 4 1s
connected to the turbocharger shait 8 at an integrally formed
seal boss 21, which extends through a turbine end 22 of the
bore 8a. The boss 21 has a larger diameter than that of the
remainder of the shaft 8, forming a shoulder 55 that projects
radially outward from the remainder of the shait 8.

The boss 21 1s sealed with respect to the bore 8a by means
of a piston ring 23 and groove combination. The piston ring
23 1s supported by an annular wall 33 that defines the turbine
end of the bore 8a. The piston ring 23 extends radially
inwards 1mto an annular groove 25 defined in the outer
surface of the boss 21 so as to provide a seal.

Axially in-board of the groove 25 the outer surface of the
boss 21 has a recessed profile to define a second o1l slinger
26. The second o1l slinger 26 rotates with the turbocharger
shaft 8 and 1ts recessed outer surface 1s arranged to propel o1l
away Ifrom the shait 8 as it rotates, 1n particular to prevent
the o1l from passing through the bearing housing 3 and into
the turbine housing. The area of the bearing housing 3 that
surrounds the second o1l slinger 26 1s recessed to define an
annular chamber 27 that captures the dispersed oil and
includes a drain.

In light of the above, it can be seen that the axial stop plate
34 1s advantageous 1n that 1t provides a one piece component
that 1s multi-functional. It acts to restrain both axial and
rotational movement of the bearing assembly 13, 1t acts as
a baflle to reduce the amount of lubricating o1l that needs to
be handled by an o1l slinger and ensures that o1l 1s directed
to a desired location, 1.e. to a sump 104. Accordingly, the
axial stop plate 34 replaces multiple components that would
otherwise be needed to provide these functions. This results
In a saving 1n cost, complexity, weight and space.

Furthermore, during assembly, the axial stop plate 34
provides a means ol automatically orienting the outer race
41 of the bearing assembly 13 in a desired rotational
orientation, relative to the bearing housing 3, so that the
outlet 105 1s fluidly connected to the oil sump 104. This
therefore makes the assembly process easier, quicker and
less prone to errors.

Furthermore, this desired orientation of the outer race 41
of the bearing assembly 1s maintained during operation of
the turbocharger due to the engagement of the lug 80 and

slots 81, 106.




US 10,267,181 B2

13

It will be appreciated that numerous modifications to the
above described design may be made without departing
from the scope of the disclosure as defined 1n the appended
claims.

For example, in the current embodiment, the o1l directing
members 42, 43, 44 45, 46 of the axial stop plate 34 form a
chamber 31 that extends in the circumierential direction
around the first o1l slinger 50, for receipt of o1l flung radially
outwardly from the rotating shaft 8, or from a member 50
mounted on the shaft 8 for rotation with the shait 8.
However, 1t will be appreciated that the axial stop plate 34
may comprise any suitable arrangement of one or more o1l
directing members that are arranged to received o1l flung
radially outwardly from the rotating shait 8, or from a
member 50 mounted on the shait 8 for rotation with the shaft
8, and to direct the recerved o1l to the o1l outlet 105.
Accordingly, the above disclosure 1s not limited to where the
o1l directing member(s) form a chamber around the shaft, or
a member 50 mounted on the shait 8 for rotation with the
shaft 8. For example, the Ilubricating fluid directing
member(s) may be formed by one or more surfaces, guide
vanes, channels, conduits or the like.

In the described embodiment, the first o1l slinger 50 1s
received within the bore 35 in the axial stop plate 34.
However, 1t will be appreciated that, where an o1l slinger 50,
or other member, 1s not received within the bore 35, the bore
35 may form a close radial fit directly with the turbocharger
shaft 8, so as to provide a non-contact seal directly with the
shaft 8. In this case, the chamber 31 substantially encloses
a circumierential section of the shait 8. The first and second
side walls 42, 43 and the upper wall 44 of the chamber 31
are radially outwardly spaced from the inner wall 38 that
defines said bore 35 so as to define a radial clearance
between the respective surfaces and the shait 8.

Alternatively, the bore 35 may form a close radial fit with
any other member mounted on a shaft, for rotation with the
shaft.

In the described embodiment, the lubricating fluid used in
the turbocharger 1s o1l. However, 1t will be appreciated that
any suitable lubricating fluid may be used, with the first o1l
slinger 50 adapted for use with such a lubricating fluid.

The described and illustrated embodiments are to be
considered as illustrative and not restrictive 1n character, 1t
being understood that only the preferred embodiments have
been shown and described and that all changes and modi-
fications that come within the scope of the disclosures as
defined 1n the claims are desired to be protected. It should be
understood that while the use of words such as “preferable”,
“preferably”, “preferred” or “more preferred” in the descrip-
tion suggest that a feature so described may be desirable, 1t
may nevertheless not be necessary and embodiments lacking,
such a feature may be contemplated as within the scope of
the disclosure as defined 1n the appended claims. In relation
to the claims, 1t 1s intended that when words such as “a,”
“an,” “at least one,” or “at least one portion™ are used to
preface a feature there 1s no intention to limit the claim to
only one such feature unless specifically stated to the
contrary 1n the claam. When the language “at least a portion™
and/or “a portion” 1s used the 1tem can include a portion
and/or the enfire item unless specifically stated to the
contrary.

The invention claimed 1s:

1. A turbomachine comprising: a shait rotatable about a
rotational axis; a turbine wheel provided at one end of the
shaft for rotation about the rotational axis within a turbine
housing; the shait being supported for rotation 1n a bearing,

housing by a bearing assembly comprising mner and outer
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races radially separated by bearing elements, the bearing
housing having a bore through which the shait extends, the
bearing assembly being disposed 1n the bore, wherein the
turbomachine further comprises an axial stop member
arranged to restrain axial movement of the bearing assembly,
a bore 1s provided 1n said axial stop member, through which
the shaft passes, the bore 1s defined by a radially inner
surface of the axial stop member which forms a close radial
fit with the shaft, or a member mounted on the shaft to rotate
with the shatt, an anti-rotation formation formed on the axial
stop member and engageable with a complementary forma-
tion provided on the outer race of the bearing assembly so
as to rotationally fix the outer race relative to the axial stop
member and wherein the axial stop member further com-
prises a lubricating fluid directing member and a lubricating
fluid outlet, the lubricating fluid directing member being
arranged to receive lubricating fluid that 1s flung radially
outward from said axis, due to the rotation of the shaft, and
to direct the lubricating fluid to the lubricating tluid outlet.

2. A turbomachine according to claim 1 wherein the
anti-rotation formation 1s integrally formed with the axial
stop member.

3. The turbomachine according to claim 1 wherein the
anti-rotation formation 1s a lug and the complementary
formation 1s a slot, or vice versa.

4. The turbomachine according to claim 1 wherein the
bearing housing 1s provided with a formation that 1s engage-
able with the anti-rotation formation of the axial stop
member so as to rotationally fix the axial stop member
relative to the bearing housing.

5. The turbomachine according to claim 4 wherein the
turbomachine comprises a lubricating sump, the outer race
of the bearing assembly 1s provided with a second lubricat-
ing fluid outlet and the anti-rotation formation of the axial
stop member, the complementary formation of the outer race
of the bearing assembly and the bearing housing formation
are arranged such that when they are engaged, the second
lubricating fluid outlet 1s fluidly connected to the lubricating
fluid sump.

6. The turbomachine according to claim 1 wherein the
lubricating fluid directing member 1s integrally formed with
the axial stop member.

7. The turbomachine according to claim 1 wherein the
lubricating fluid directing member 1s radially outwardly
spaced from the radially inner wall of the axial stop member
that defines said bore.

8. The turbomachine according to claim 1 wherein the
lubricating fluid directing member 1s radially outwardly
spaced from the shaft, or a member mounted on the shaft, so
as to define a radial clearance between the lubricating fluid
directing member and the shaft, or a member mounted on the
shaft to rotate with the shaft.

9. The turbomachine according to claim 1 wherein the
lubricating fluid directing member forms a chamber around
the shaft, or a member mounted on the shaft to rotate with
the shaft, for receiving lubricating fluid that 1s flung radially
outward from said axis, due to the rotation of the shait, or
member.

10. The turbomachine according to claim 1 wherein at
least one wall of the chamber 1s radially outwardly spaced
from the radially inner wall of the axial stop member that
defines said bore.

11. The turbomachine according to claim 1 wherein the at
least one wall of the chamber 1s radially outwardly spaced
from the shatft, or a member mounted on the shaft to rotate
with the shatt, so as to define a radial clearance between the
at least one wall and the shaft, or said member.
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12. The turbomachine according to claim 1 wherein the
axial stop member comprises a plate and wherein the plate
has a section which protrudes from a surface of the plate and
said chamber 1s formed by said protruding section.

13. The turbomachine according to claim 1 wherein the
turbomachine comprises a lubricating fluid sump and the
lubricating fluid outlet of the axial stop member 1s fluidly
connected to the lubricating fluid sump.

14. The turbomachine according to claim 1 wherein a
lubricating fluid slinger 1s mounted on the shaft, so as to
rotate with the shait, and comprises a slinging formation
arranged to propel lubricating flmd away from the shaft as
the shaft rotates.

15. The turbomachine according to claim 14 wherein an
area of the turbomachine that surrounds the lubricating fluid
slinger 1s recessed to define a chamber for capturing lubri-
cating fluid that 1s propelled from the shaft, as the shaft
rotates.

16. The turbomachine according to claim 14 wherein the
lubricating fluid slinger 1s provided with a sealing arrange-
ment to provide a seal between the lubricating fluid slinger
and a radially adjacent surface of the turbo machine, within
which the lubricating flwid slinger rotates.

17. The turbomachine according to claim 14 wherein the

lubricating fluid slinger 1s mounted on the shait such that a
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first section of the lubricating fluid slinger 1s received within
the bore of the axial stop member and the radially inner
surface of the axial stop member that defines the bore forms
a close radial fit with the lubricant fluid slinger.

18. The turbomachine according to claim 17 wherein the
turbomachine comprises a compressor having an impeller
wheel mounted on the shaft such that rotation of the turbine
wheel causes rotation of the impeller wheel, wherein a
compressor back plate 1s provided between the bearing
housing and the impeller wheel, the compressor back plate
having an mner surface which defines a bore, through which
the shaft passes, a second section of the lubricating fluid
slinger 1s received within the bore and the inner surface that
defines said bore forms a close radial fit with the second
section of the lubricating tfluid slinger.

19. The turbomachine according to claim 1 wherein the
axial stop member comprises a first surface which mates
with a complimentary shaped surface of the bearing assem-
bly, or of an intermediate member provided between the
axial stop member and the bearing assembly.

20. An mternal combustion engine comprising the turb-
omachine according to claim 1.
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